
Chapter-5(upthrustinfluidsandfloatation)

1.UpthrustandArchimedesPrinciple

Haveyoueverwonderedwhythereissomeresistancewhenyoutrytopushanobjectinside

water?Haveyoutriedtofindoutwhydoyoufinditdifficulttopushthatobjectfurtherintothe

water?Readontogetananswer.

Wheneveryoutrytopushanobjectinsidewater,itexertsanupwardforceoranupthrustwhich

isnothingbutthebuoyantforce.Itisduetothisbuoyantforcethatyouwillfeellighterwhenyou

areinsideaswimmingpool.

Archimedes’principleisexplainedbasedonthisupthrust.Inthistopic,youwilllearnmoreabout

upthrustinfluidsandArchimedes’principle.

CharacteristicpropertiesofUpthrustandDefinitionofUpthrust

1.Whenabodyispartiallyorwhollyimmersedinaliquid,anupwardforceactsonit.

2.Thisupwardforceisknownasupthrustorbuoyantforce.

3.ItisdenotedbythesymbolFB.

4.Itsunitisnewton(N)orkgf.

DefinitionofBuoyancy

1.Thepropertyofaliquidtoexertanupwardforceonabodyimmersedinitiscalledbuoyancy.

Forexample,whilepushingacorkintowater,ourfingersexperiencethenetupwardforce.

2.Likeliquids,gasesalsohavethepropertyofbuoyancyi.e.abodyimmersedinagasalso

experiencesanupthrust.

Forexample,aballoonfilledwithhydrogenrisesupbecauseofupthrust.



Conditionforabodytofloatorsinkinfluid

1.IfFB>W orFB=W,thebodywillfloat.

2.IfFB<W,thebodywillsink.

3.FB=upthrustorbuoyantforceactingverticallyupwards.

4.W =weightofthebodyactingverticallydownwards.

Howwillthebodyfloat

1.ForFB>W

2.Thebodywillfloatwithonlythatmuchpart(partlyimmersed)ofitinsidetheliquid,the

upthrustduetowhichbecomesequaltotheweightofthebody.

3.ForFB=W

4.Thebodywillfloatwiththewholeofitimmersedinsidethefluid.

5.Forafloatingbody,thenetforceactingdownwards(i.e.apparentweight)iszero.

EffectofUpthrust

Theeffectofupthrustisthattheweightofthebodyimmersedinaliquidappearstobeless

thanitsactualweight.

1.Largerthevolumeofthebodysubmergedinfluid,greateristheupthrust.

2.Morethedensityofthefluid,greateristheupthrust.

3.Theupthrustactsonabodyinanupwarddirectionatthecentreofgravityofthedisplaced

fluidwhichiscalledthecentreofbuoyancy.

FactorsaffectingtheUpthrust

1.Themagnitudeofupthrustonabodyduetoaliquiddependson:.



2.volumeofthebodysubmergedintheliquid(orfluid).

3.Densityoftheliquid(orfluid)inwhichthebodyissubmerged.

4.Magnitudeofupthrust=FB=Volumeofbodysubmergedinliquid×densityofliquid.

MathematicalProof

Upthrustisequaltotheweightoftheliquiddisplaced.

1.Considerasolidcylinderofheight‘h’andareaofcross-sectionA,tobecompletelyimmersed

inafluidofconstantdensityp.

2.FB=h₂pgA–h₁pgA=A(h₂–h₁)pg=Vpg.

3.Visthevolumeofcylindersubmergedinliquid.

4.Upthrust=weightoftheliquiddisplace.

5.Thebodiesofaveragedensitygreaterthanthatofliquid,sinkinit.

Thebodiesofaveragedensityequaltoorsmallerthanthatofliquid,floatinit.

Archimedes’Principle

Archimedes’principlestatesthatwhenabodyisimmersedpartiallyorcompletelyinaliquid,it

experiencesanupthrust,whichisequaltotheweightoftheliquiddisplacedbyit.

RelativeDensityanditsMeasurementby

ArchimedesPrinciple

Density:

Thedensityofasubstanceisitsmassperunitvolume.



Density(p)=Mass(M)/Volume(V)

S.I.unitofdensityiskgm⁻3

RelativeDensity:

Relativedensity(R.D.)ofasubstanceistheratioofthedensityofthesubstancetothedensity

ofwaterat4°C.

Itisalsodefinedastheratioofthemassofthesubstancetothemassofanequalvolumeof

waterat4°C.

R.D.hasnounit.

R.D.ofasolidsubstancebyArchimedes’principle:

R.D.=Weightofthebodyinair/(Weightofthebodyintheair–Weightofthebodyinthe

water)

R.D.ofasolidsubstancesolubleinwater:

Ifthesolidissolubleinwater,wetakealiquidinsteadofwater,inwhichthesolidisinsoluble

andthesolidsinksinthatliquid.

R.D.=Weightofthesolidinair/(Weightofthebodyintheair–Weightofthebodyinthewater)

Hydrometer:

Ahydrometerisaninstrument,whichisusedformeasuringtherelativedensityofaliquid

(heavierorlighterthanwater)directlyandhencetotestthepurityofaliquid.



Ahydrometerisusuallymadeofglass,andconsistsofacylindricalstem andabulbweighted

withmercuryorleadshottomakeitfloatupright.Theliquidtotestispouredintoatall

container,oftenagraduatedcylinder,andthehydrometerisgentlyloweredintotheliquiduntilit

floatsfreely.Thepointatwhichthesurfaceoftheliquidtouchesthestem ofthehydrometer

correlatestospecificgravity.Hydrometersusuallycontainascaleinsidethestem,sothatthe

personusingitcanreadspecificgravity.

Whilefloating,thelengthofthehydrometerimmersedinaliquidisinverselyproportionaltothe

densityoftheliquidinwhichitisplaced

lα1/p

R.D.ofaliquid=Densityofliquid/Densityofwater

R.D.ofaliquid=Lengthimmersedinwater/Lengthimmersedinliquid

Lactometer:

Itisaspeciallydesignedhydrometerwhichisusedformeasuringtherelativedensityofmilk

andhencetestingthepurityofmilk.

Thespecificgravityofmilkdoesnotgiveaconclusiveindicationofitscompositionsincemilk

containsavarietyofsubstancesthatareeitherheavierorlighterthanwater.Additionaltestsfor

fatcontentarenecessarytodetermineoverallcomposition.Theinstrumentisgraduatedintoa

hundredparts.Milkispouredinandallowedtostanduntilthecream hasformed,thenthedepth

ofthecream depositindegreesdeterminesthequalityofthemilk.

AcidBatteryHydrometer:

Ahydrometerusedtochecktheconcentration(ortherelativedensity)ofsulphuricacidinan

acidbatteryiscalledtheacidbatteryhydrometer.



.Floatation

Floatation:

Whenabodyisinfluidtherearetwoforcesactingonit.

1.Aforceequaltoitsweight,actingdownwards.

2.Buoyantforce,actingupwards.

Accordingtotheprincipleofflotation,theweightofafloatingbodyisequaltotheweightofthe

liquiddisplacedbyitssubmergedpart.

Whenabodyisimmersedpartlyorcompletelyinaliquiditisundertheinfluenceoftwoforces,

1.TheweightofthebodyW,bodyactingverticallydownwards,throughthecentreofgravityG

ofthebody.

2.TheupthrustorbuoyantforceFB,actingupwardsonthebody.

W =Vpsg=(totalvolumeofthebodyxdensityofthebodyxg)

TheupthrustFBoftheliquidactingverticallyupwards,throughthecentreofgravityofthe

displacedliquid,calledthecentreofbuoyancyB



FB=Vsplg(Volumeofsubmergedpartofbodyxdensityofliquidxg)

NotethatFB=theweightofliquiddisplacedbythebody

DependingonthevaluesofweightofthebodyW andbuoyantforceFB,thereare3possibilities:

1.W >FBimpliesthatthebodywillsink

2.W =FBimpliesthatthebodywillfloatjustinsidethesurfaceoftheliquid

3.W <FBimpliesthatthebodymovestothesurfaceandfloatsonthesurfaceoftheliquid.

PrincipleofFloatation:

Accordingtotheprincipleoffloatation,theweightofafloatingbodyisequaltotheweightof

theliquiddisplacedbyitssubmergedpart.

ApparentweightofaFloatingBody:

Apparentweight=Trueweight–Upthrust=W –FB=0

Thusafloatingbodyappearstohavenoweightoritsapparentweightiszero

ThemathematicalrelationforaFloatingBody:

W =Vpsg=FB=Vsplg

Vps=Vsplg⇒Vs/V=ps/(pl)

Volumeofsubmergedpartofbodytotalvolumeofbody

ApplicationsofthePrincipleofFloatation:

1.Floatationofironship



2.Floatationofman

3.Floatationofsubmarine

4.Floatationoficeberg

5.Risingofballoons

6.Floatationoffish


